We report data showing that developed pressure (DP max ) may lead to opposite conclusion with respect to maximal developed circumferential wall stress (s max ) when used to assess contractile function in left ventricle isovolumic preparations. Isovolumetric left ventricle preparations of rats with cardiac hypertrophy (H; N = 10) induced by isoproterenol administration showed higher DP max (174 ± 14 mmHg) than control (C; N = 8) animals (155 ± 12 mmHg) or rats with regression (R; N = 8) of hypertrophy (144 ± 11 mmHg). In contrast, the estimated s max for C (145 ± 26 kdynes/cm 2 ) and R (133 ± 17 kdynes/ cm 2 ) was higher than for H (110 ± 13 kdynes/cm 2 ). According to Laplaces law, the opposite results of DP max and s max may depend on the increased mass/volume left ventricle ratio of the hypertrophied hearts, which favored pressure generation. These results clearly show that DP max should be used with caution to analyze systolic function. Muscle contractile capacity can be measured by determining maximal force developed during contraction. Maximal intraventricular developed pressure (DP max ) is frequently utilized in isovolumetric left ventricle preparations as an index of myocardial contraction function, assuming that it correctly reflects maximal developed wall force (maximal developed wall stress -s max ) during contraction (1-3). This assumption is based on the fact that ventricular internal radius (R i ) and wall thickness (h) -the variables involved in the ventricular pressure and wall stress interact according to Laplaces law -do not vary during isovolumetric contraction. This seems to be an acceptable postulate when the changes in ventricular function are evaluated in the same heart and R i and h do not vary. However, comparison of DP max of different hearts with different R i and h values is frequently utilized to evaluate myocardial contractile function (1-3), an oversimplification that can distort the interpretation of the results.
Muscle contractile capacity can be measured by determining maximal force developed during contraction. Maximal intraventricular developed pressure (DP max ) is frequently utilized in isovolumetric left ventricle preparations as an index of myocardial contraction function, assuming that it correctly reflects maximal developed wall force (maximal developed wall stress -s max ) during contraction (1) (2) (3) . This assumption is based on the fact that ventricular internal radius (R i ) and wall thickness (h) -the variables involved in the ventricular pressure and wall stress interact according to Laplaces law -do not vary during isovolumetric contraction. This seems to be an acceptable postulate when the changes in ventricular function are evaluated in the same heart and R i and h do not vary. However, comparison of DP max of different hearts with different R i and h values is frequently utilized to evaluate myocardial contractile function (1-3), an oversimplification that can distort the interpretation of the results.
We have analyzed DP max and s max in isovolumetric left ventricle preparations from control rats (C; N = 8), rats submitted to cardiac hypertrophy (H; N = 10) by the ad-ministration of isoproterenol (ISO -0.3 mg kg -1 day -1 during 8 days) and animals in which the regression (R; N = 8) of cardiac hypertrophy was allowed to occur by interruption of drug treatment for 22 days. The results obtained for DP max and s max led to opposite conclusions, emphasizing the need to pay attention to the proper variable to be analyzed when using isovolumetric left ventricle preparations to evaluate myocardial contractile function.
The ascending aorta of 26 rats was cannulated after medial thoracotomy, and the hearts were perfused using the Langendorff technique in a retrograde manner, with KrebsHenseleit solution (120 mM NaCl, 5.4 mM KCl, 1.25 mM CaCl 2 , 2.5 MgSO 4 , 2.0 mM NaHPO 4 , 27 mM NaHCO 3 and 11 mM glucose) at 37 o C at a constant perfusion pressure of 100 mmHg. The perfusate was bubbled with a gas mixture of 95% O 2 :5% CO 2 . Subsequently, the hearts were removed quickly, the left ventricular cavity was vented by apical puncture and a small fluid-filled latex balloon was placed into the left ventricular chamber via the left atrium. The balloon was connected to a pressure transducer by a short length of polyethylene tubing for the determination of left ventricular pressure. The right atrium, including the sinus node region, was removed and right ventricular pacing was performed using a stimulator delivering 5-ms, 5-mV monophasic square wave pulses. A stimulation rate of 180 beats/ min was used in all experiments. The liquid volume inside the left ventricular balloon was adjusted in such a way that diastolic pressure was zero. After an equilibration period of approximately 30 min, a baseline pressure/volume ratio was determined for every heart; left ventricular peak systolic and end diastolic pressure were measured after 0.01-ml increases of balloon volume until an end diastolic pressure of approximately 40 mmHg was achieved.
This protocol allows us to define the plateau of maximal developed systolic circumferential stress in all cases, which is estimated from ventricular pressure measurements, ventricular volume, and weight, as described by Bing et al. At the end of the experiment, the left atrium and right ventricular free wall were removed and the myocardial mass was weighed and used as the left ventricular weight (LVW). The data are presented in Table 1 . Data were analyzed statistically by one-way ANOVA complemented by the Scheffé or Kruskal-Wallis test. The left ventricular myocardial mass/body weight ratio (LVW/BW) increased after ISO and returned to normal levels with the regression of hypertrophy (C: 2.12 ± 0.11 mg/g; H: 2.93 ± 0.31 mg/g; R: 2.22 ± 0.13 mg/g). Cardiac enlargement occurred with an increase of the mass/volume ratio (C: 4.23 ± 0.82 mg/µl; H: 6.15 ± 1.43 mg/µl) which characterized a concentric hypertrophy. Regression of cardiac enlargement was obtained with normalization of this ratio (R: 3.9 ± 0.56 mg/µl). An increase in maximal developed pressure (C: 155 ± 12 mmHg; H: 174 ± 14 mmHg; R: 144 ± 11 mmHg) occurred in the hypertrophied hearts despite a reduction of maximal developed wall stress (C: 145 ± 26 kdynes/cm 2 ; H: 110 ± 13 kdynes/cm 2 ; R: 133 ± 17 kdynes/ cm 2 ). These results clearly show that, even though cardiac force generation by the hypertrophied myocardium was diminished, developed intraventricular pressure reached higher values than those observed in controls and in preparations with hypertrophy regression. It seems clear that the DP max values may induce the misinterpretation that the contractile state of the concentrically hypertrophied hearts was enhanced. Indeed, this was the conclusion of other authors who utilized developed pressure as the sole indicator of contractile capacity in the same model of cardiac hypertrophy (1-3). Nevertheless, other studies (6-9) that evaluated force in muscle strips or in the isovolumetric left ventricle showed that stress generation is impaired in this model, indicating that the contractile state is depressed. According to Laplaces law, it is conceivable that DP max should be higher in hypertrophied left ventricles, in spite of the impairment of the contractile state. According to the simpler expression of this law, wall stress and intraventricular pressure are related by the equation s = P R i /2 h. The rearrangement of this equation shows us that P = 2s h/R i , meaning that, for the same wall force, intraventricular pressure will be directly dependent on the h/ R i ratio. Since h depends on myocardial mass and R i on chamber volume, we may state that DP max directly depends on the mass/ volume ratio, i.e., pressure generation is facilitated as the mass/volume ratio increases. Indeed, our data showed a very close correlation (P<0.0001) between the mass/volume ratio and the developed pressure (Figure 1) .
On the other hand, the increased DP max of the hypertrophied myocardium indicates the improvement of the pumping function in cardiac concentric hypertrophy. Since concentric hypertrophy facilitates pressure generation, pumping ability is enhanced because pressure is the variable which regulates blood flow and therefore ventricular ejection. In conclusion, the present data clearly show that, during evaluation of systolic function in isovolumetric left ventricle preparations of hearts with concentric hypertrophy, the use of developed pressure as the sole indicator of contractile capacity needs to be carefully examined as a possible source of misleading information. 
